Abstract. With the aim of reducing thermal hazards of polystyrene (PS), the traditional nitrogen-phosphorus intumescent flame retardant ammonium polyphosphate (APP)/dipentaerythritol (DPER) was improved. Three kinds of intumescent flame retardant were made which are melamine formaldehyde resin coated APP (MFAPP)/melamine formaldehyde resin coated dipentaerythritol (MFDPER), silane-modified APP/MFDPER, and silane-modified APP/triazine charring-foaming agent (CFA) respectively. After melt blending with PS, the combustion performance of samples were studied by limiting oxygen index (LOI) and cone calorimeter (CONE). The residual carbon of samples was studied by scanning electron microscope (SEM). The results how that the silane-modified APP can improve PS retardancy, CFA can effectively improve the carbon content of PS, silane-modified APP/CFA as IFR can improve PS retardant effectively.
Introduction
Polystyrene (PS) is one of the most popular thermoplastics because it is strong functionality and has good economic returns. The fire hazard of PS is great as it is extremely flammable, and a lot of heat and smoke will be generated along with its combustion. As an environmentally friendly flame retardant, the nitrogen -phosphorus expansion flame retardant has a good application prospect [1, 2, 3] . Yan H[4] added the PPO and the APP-PER-MEL intumescent flame retardant system into the polystyrene, and found that there was a synergistic effect between the PPO and the APP-PER-MEL intumescent flame retardant system. The synergistic effect could improve the flame retardancy of PS because it improved the thermal stability effectively. Guo-sheng Liu [5] made the layered nano-silicates, metal oxides, and graphite nanosheets as the synergistic agents, and studied the synergistic agents' synergistic effect on APP/DPER system based on the substrate of polypropylene (PP). Na Wu [6] added the modified sepiolite to the PP/APP/DPER composite to study the effect of sepiolite on the retarding behavior of intumescent flame retardant PP flame. In summary, there are a few researches about the PS intumescent flame retardant. In this paper, in order to provide a reliable basis about the application of intumescent flame retardant in PS flame retardants, the traditional nitrogen-phosphorus intumescent flame retardant APP/DPER was improved.
Experiment
The experimental materials are the type Ⅱ APP, MFAPP, 3-aminopropyltrimethoxysilan, acetic acid, absolute ethanol, CFA, DPER, 4A zeolite, melamine, and formaldehyde. And the preparation methods of the experiment are shown as follows.
• The modification method of APP The dissolved solution A is obtained by dispersing 300g APP into 552g inert solvent. Mix 8g 3-aminopropyltrimethoxysilan and 52g deionized water together under 50 ℃, and the hydrolyzed coupling agent B is obtained by stirring the solution for 30min to make the coupling agent completely hydrolyzed. Put 50g hydrolyzed coupling agent B into the dissolved solution A under 50℃, and filter it after reaction for 1 hour. The silane-modified APP is obtained through drying it to constant weight under the temperature of 110℃ for 24 hours.
• The preparation method of MFDPER 5g melamine and 9ml formaldehyde solution (37%) are added into the 100ml distilled water, and the pH is adjusted to 8-9. Turn the temperature to 90℃ while stirring it, and stop stirring after reaction for 30min. The melamine -formaldehyde resin prepolymer aqueous solution is obtained by formulating it into 50ml transparent solution. 25g dipentaerythritol is uniformly dispersed in 62.5ml ethanol solution, and 20ml prepolymer aqueous solution is added into it at room temperature. The pH of it is adjusted to 3-4. Slowly heated it to 80 ℃ and keep it for 2 hours. The MFDPER is obtained through cooling the solution with stirring, suction filtering, washing and drying.
• The preparation method of PS intumescent flame retardant The PS is heated in the internal mixer at the speed of 60 r/min under 170 ℃. Weight the MFAPP, the silane-modified APP, the MFDPER and the 4A zeolite in proportion, and shear mix it with the preheated PS in the internal mixer. Increase the speed to 80r/min after 5min, and take the mixture out of internal mixer after 15min. A standard sample (100 mm × 100 mm × 3 mm) is molded by the hydraulic molding machine. A piece of standard sample (100 mm × 6.5 mm × 3 mm) is cut to measure the LOI. The formulations of IFR and nitrogen-phosphorus intumescent flame retardant polystyrene are shown in Table 1 and Table 2 . The testing methods of the experiment are shown as follows.
• The determination method of LOI The LOI of the sample is determined by using the oxygen index detector (HC-2), and the method is shown in this article [7] .
• The testing method of CONE The combustion performance testing method are shown in these articles [8, 9, 10] . Use the CONE (tandon redcraft) to test it and the radiant heat flux is 35 kW/m 2 .
• The morphology analysis of the intumescent flame retardant polystyrene's residual carbon The structure of residual carbon is characterized by the SEM (KYKY-2800B, 30kV).
Experimental Analysis
• The analysis of LOI determination The result of LOI determination is shown in Table 3 . The LOI of PS0 is 18.2, which means the PS0 is extremely flammable. The LOI of PS1, PS2, PS3 are significantly increased compared with PS0.
The LOI of PS1 (MFAPP/MFDPER) is greater than the LOI of PS2 (silane-modified APP/MFDPER). And the LOI of PS2 (silane-modified APP/MFDPER) is greater than the LOI of PS3 (silane-modified APP/CFA).
• The analysis of heat release rate The heat release rate (HRR) profile of the samples is shown in Fig. 1 The decline of HRR of PS1, PS2, PS3 are relatively flat, which means that these 3 groups of flame retardants can reduce the pkHRR of PS significantly and delay the combustion of PS. The retardant effect of PS3 is the best among all the groups according to the HRR. It can be inferred that the compatibility of silane-modified APP is better than MFDPER, and the char-forming ability of CFA is better than MFDPER. Fig. 1 The heat release rate (HRR) profile • The analysis of smoke release rate The smoke release rate (SRR) can be used to measure the hazard of the smoke. The profile of SRR of samples is shown in Fig. 2 . The peak SRR of PS0 is 0.332m 2 /s, and the curve of PS0 has a sharp rise and a sharp decline. The pkSRR of PS1, PS2, PS3 are 0.135 m 2 /s, 0.103 m 2 /s and 0.068 m 2 /s, the curves of them are gently and reduced significantly. According to the SRR, the PS3 has the best smoke suppression effect, and the smoke suppression effect of PS1 is the worst. Fig. 2 The smoke release rate (SRR) profile • The analysis of CO release rate The CO release rate profile of the samples is shown in Fig. 3 . The peak of CO release rate of PS0 is 0.020 g/s, and the curve of PS0 has a sharp rise and a sharp decline. The CO release rate of PS1, PS2, PS3 are 0.0097 g/s, 0.0090 g/s and 0.0052 g/s, the curves of them are gently. According to the curves, the CO release rate of PS0 is the minimum, and the CO release rate of PS1 is the maximum. Fig. 3 The CO release rate profile • Morphology analysis of the residual carbon The residual carbon morphologies of PS1, PS2, PS3 are shown in Fig. 4 by scanning electron microscope (SEM), and the magnification of the SEM is 1000 times. The expansion of the residual carbon of PS1 is not obvious. The residual carbon of PS2 has a dense expansion carbon layer, but it is unevenness. The residual carbon of PS3 is uniform and dense with significant expansion. According to the morphology of the residual carbon, the char-forming ability of silane-modified APP/CFA is better than silane-modified APP/MFDPER, and the char-forming ability of silane-modified APP/MFDPER is better than silane-modified MFAPP/MFDPER. 
Summary
Silane-modified APP/CFA with the PS substrate has the optimal flame retardant properties, silane-modified APP/MFDPER is worse than it. MFAPP/MFDPER is the worse than silane-modified APP/MFDPER. The char-forming ability of silane-modified APP/CFA is better than silane-modified APP/MFDPER, and the char-forming ability of silane-modified APP/MFDPER is better than silane-modified MFAPP/MFDPER. As the carbon source, CFA can effectively improve the a carbon content of PS. The flame retardant properties of silane-modified APP / CFA applied in the PS flame retardant as a nitrogen-phosphorus flame retardant is better than the traditional PS intumescent flame retardant.
